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What is Web-based Space Mission Visualization? 


¢ A capability to communicate space mission concepts 


¢ Interactive simulations that include 3D models of celestial bodies, spacecraft, and 
orbital trajectories 


¢ Simulations run natively within a web-browser, |.e., no plug-ins required 


¢ System components: 
¢ Tutorials that explain how to create web-based mission visualizations 
¢ Demonstrations that provide reusable code for new mission simulations 
¢ Free mission design application and code libraries 
¢ A repository for managing reusable models and simulation code 
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Web-based Mission Visualization System 
Value Propositions 


¢ Improves communication between mission designers and decision makers 
through interactive mission simulations 
¢ No downloading of a large desktop application 
¢ No plug-in required to run the simulation visualizations in a web browser 


¢ Enables cultural transformation from static chart-deck presentations to 
interactive model-based demonstrations 


¢ Models embedded in web-pages can be linked to other web-based models and 
supporting web-based documentation 


¢ Visualizations can play data-files generated from sophisticated orbital dynamics 
analysis applications, e.g., General Mission Analysis Tool (GMAT) and Systems Tool 
Kit (STK) 11 
¢ Provides opportunities to build agency-wide multi-disciplinary teams 
¢ Orbital dynamists can generate trajectory files with GMAT, STK11, or custom codes 
¢ Web-app developers use the files to produce interactive mission visualizations 


e Engages and educates the public 
¢ People gain a better understanding of future space missions through the simulations 
¢ Citizen scientists can publish their web-based mission models 


¢ A public website provides mission galleries, discussion forums, tutorials, and code 
repositories 


A Tool Kit for Web-based Space Mission Visualization 


Modern web-browsers execute JavaScript and WebGL natively, which enables 
development of embedded simulations. 


¢ X3dom — a JavaScript code library that provides the x3dom 


capability to embed X3D scene-graphs in an HTML Instant 3D the HTML way! 





document http://www.x3dom.or 

¢ gsITF —a 3D file format, developed by Khronos Group, for | 
transmission of models and scenes CITF 

¢ Cesium — a free open source digital globe and JavaScript > 
Application Programming Interface provided by Analytical https://www.khronos.org/gitt 


Graphics Inc. (AGI) 


¢ satellite-js — a JavaScript code library that implements the 


Simple General Perturbations (SGP) model for propagating og CESIUM 


orbits expressed as Two-Line Elements 





http://cesiumjs.or 


¢ three.js — a 3D graphics JavaScript library with support for 
scene-graphs, shapes, shaders, and animation satellite.js v1.2.0 


: . . ; ; ; https://github.com/shashwatak/satellite-js 
¢ Physics engines — JavaScript code libraries exist, which 


enable physics based simulations 


, | | three.js 
¢ Game engines — provide code for the user interface, seca: J 
resource management, icons, models, etc. 


Tutorials and Demonstrations for X3Dom 


A Three Part Tutorial and a Vision for Creating a Web-based Mission Visualization System 


Prototype Web Visualization of a GMAT Generated Trajectory 


Part 1 of the tutorial series explains how to generate 
a trajectory data file with the General Mission 
Analysis Tool(GMAT) and to produce a simple 
web-based mission visualization. 





Part 2 of the tutorial series explains how to 
apply a texture map to an X3D sphere and animate 2 Demo 2 
an X3D object to follow the GMAT generated trajectory. 


Part 3 of the tutorial series explains how to 
write a JavaScript Object Notation (ISON) converter, 
import an X3D model, and use the HTMLS Filereader API. 
Before starting Demo 3. copy and paste the Input Data Input Data 
into a text editor, save the file with a * txt 
extension, and upload it with the browse button Demo 3. 


Before starting Demo 4. copy and paste the Output Data 
into a text editor, save the a file with a * json 
extension and upload it with the Browse button on Demo 4. 


Output Data 








Date: 25 Jul 2014 Time: 11:29:10.811 


A vision for a Web-based Mission Visualization System 
(WMVS)involves provding tutorials and example source code 
to a community of developers and space mission designers. 
This document presents a vision, use cases, desirable 
functions and features, and needed skills for a WMVS. 


A Vision fora WMVS | Browse— | Molniyajson | Reset | 





http://daoneil.github.io/soacemission/X3Dom/WebMissionVisualizationTutorialSeries.html 





¢ A Three Part tutorial that explains how to create a web-based mission visualization from 
trajectory data exported from the General Mission Analysis Tool (GMAT) 


¢ Links lead to the tutorials, buttons activate the demonstrations 


¢ Includes a link to a vision document for a Web-based Space Mission Visualization system 


Interactive Earth to Moon Mission 
Visualization in Cesium 





Sat. UTCGregorian Sat.Earthh2000Eog.% Sat.EarnthMVu2000Eq.¥ Sat. EarthMJ2000Eqg.2 
2014 11:29:10,511 -197580.198434 7567S. 8786754 2148 7.638 7519 
2014 11:30:10,811 -137394.120769 756530884724  21492.7715937 

ul 2014 11:33:71.454 -137438.02727 75567.7844716  21509.0290206 
22 Jul 4014 11:43:71,350 -15/75 72.9072 79 i529 7 5685932 21559.6726/3 
22 Jul 2014 12:13:07,717 -1379a50702- | 651465 
22 Jul 2014 13:39:54,803 -138 2014-07-22T 11:79:117", -137380000, 21487600, 75679900, 
22 Jul 2014 16:50:29.706 -139]"  2014-07-22T 11:30:112", -137394000, 21492800, 75653100, 
2014 19:58:17,654 -137]) 2014-07-22T 11:33:217", -137438000, 21509000, 75567800, 
22 Jul 2014 27:49:39,159 -134]) 2014-07-22T 11:43:217", -137573000, 21559700, 75297600, 
2014 01:10:15.710 2014-07-22?T 12:13:087", -137945000, 21705900, 74476800, 

| 2014 03:15:24.444 - 2014-07-22T 13:39:557", -138776000, 22092100, 71948900, 
23 Jul 2014 05:06:47,357 -121)' 2014-07-22T 16:50:307", -139253000, 22724900, 65710500, 
2014 06:46:08,345 2014-07-22T 19:58:187", -137836000, 273040700, 58673800, 
2014 08:14:52,984 2014-07-22T 22:49:397", -134793000, 23037000, 51508000, 
2014 OS-34:12.588 - 2014-07-23T 01:10:162", -130540000, 22802600, 45108000, 
é3Jul 2014 10;45:05.816 -369]" 9074-07-23T 03:15:247", -126387000, 22397700, 39027600, 
2014 11:48:37,120 9014-07-22T 05-06-4 
2014-07-23T 
2014-07-23T 
: 2014-07-23T 09:34:1 
2014-07-23T 
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¢ Trajectory data 
generated from a 
GMIAT tutorial 


e Converted toa 
JavaScript string 
variable with Excel 
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Models have loaded; vou may select a view point 


¢ A lunar probe trajectory 
and Moon’s orbit 
depicted in Cesium 


¢ Buttons provide different 
viewpoints for the probe, mn ~ 
Moon, Earth, and the big ( oe 
picture —— 








http://daoneil.github.io/soacemission/Apps/EarthToMoon Demo.html 


Orbital Debris Propagation with Satellite-js and 
Visualized in Cesium 








ee e ¢ Two Line Element (TLE) data 
Most Varnted J Geting Started sloba!l wew of Mocrn | Virtual AGt Horne Pa }« l evtexture id d b C | k 
seat provided by Celestra 
2 24944 ‘ 39 é9 e702 204.6625 $.4246 14.3347922797176:! : 
Sinem Se i ¢ Data converted to a JavaScript 
i 3 ‘ PTOSIE 6096.56321405 . 1002! )- 6200-2 0 999! e ; . 
y ‘ ©.4107 lle. 280) 0030480 163.5902 2597. S142 14. 709837735 )5032 string Variable with Excel 
IRIDIUM Der var irridiumpebris - [ 
' : gi 24946U 97051C 16088, 49430442 »-90000105 00000- 30870-4 QO 9998", 
eS - ag 2 24946 86.3844 113.3116 0005770 249.4421 110.6155 14. 3347665897012". ce : 
4 . : 1 33/72U B/OSLK 16089.11382883 .0 010991 ’ 00000-0 17867-2 O 9999". & Positions pro pagated Via 
IRIDIUM 33 DEE 2 33772 86.4122 120.3696 0029226 216.6976 195.8406 14, 70745884373635", 
1 23775 .7 7 33773uU S7OSLL 16088.17079107 .00000335 00000-0 10462 30 9998". “ : 
Lee a “2 33773 86.3990 112.6908 00090436 300.1585 59.8678 14, 37863746373411", 
> 86.3697 209") 33775u 970S1N 16088.14332300 .00000509 00000-0 17385-3 0 9997", Satellite-js 
IRIDIUM 33 DEE “2 33775 86. 2048 108.7377 0012236 247.6614 180. $969 14. 34419030372468", 
1 237760 STOSip 16°12 33776U S1P 16089.1812504 00000267 00000-0 89491-4 0 9990", 
ae - 2 ‘2 33776 56.4035 120.2769 0012571 253.0572 177.6279 14. 33524115372535", 
2 33 46 184 33777u O70S10 16089.10123914 .00000740 00000-0 22601-3 0 9999", 
IRIDIUM 33 DEE “2 33777 86.3817 106.0372 0006558 93.1508 267.0441 14,4057659337 3743" 
1 337770 9705ig 1°21 33849u 9705is 16088.87583149 .00006314 00000 0 18893-2 0 ; ee : 
sae . ."2 33849 86.1074 $3,1367 0070710 83.8181 277.1068 14.4129922736 Orbital Debris Cesium Demonstration 
See eee ale -“2"1 33850u 970517 16089.1192 9335 00000375 00000-0 12461-3 0 
IRIDIUM DES “2 33850 86.3413 100.18@ 0009713 252.4482 176.7371 14. 3513211337 
1 33849 STOSLS tél 33853U 97051lW 16089. 15659400 . 00000365 00000-0 22486-3 g 
> 22e20 se -» 2 33853 86.0019 684.7679 0240896 18 4.5622 305.0948 13.8943041036 
*# =5535 8.-- - "7 33854U 970S1X 16088. 84739831 000032714 00000 “0 639/4-3 0 H scli 
IRIDIUM 33 Dex "> 33854 86.2308 40.2257 0011555 205.7788 209.2435 14, 6176221537 Mae 
eee eae “'"1 33855uU 97051¥ 16089. 16889664 .00009956 00000-0 ond 2 0 
“2 338535 86.3750 157.1567 0071972 219.9160 139.6738 14, 4546007936 
“1 33858u 9705148 16088.50648676 .00007911 00000-0 96609-3 0 
"2? 33858 86.1377 &. 5820 0030330 106.0560 307.1650 14. 8284334637 
“1 33859U S97051AC 16088.51833561 .00001L774 00000-0 56794-3 0 
"2 33859 86.3425 106.0653 0042957 292.8324 193.4040 14. 3857040037 
"1 33860U 970S1AD 16089.06011414 .00000991 00000-0 28743-3 0 
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Simple General Perturbations (SGP) Model 
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http://daoneil.github.io/spacemission/Apps/Cesium with SGP.html 





Potentially Hazardous Asteroids Visualization 
with an embedded orbital propagator 


. Data p rovi d e d by t h e J P L Venus, Earth, Mars and Potentially Hazardous Asteroids (PHA)* 


= Slider control adjusts the simulation speed. 
N e d l E d rt h O b) e ct S e Right-button click and drag to Zoom in and out 
e Left-button click and drag to rotate model 
s e Middle-button click and drag to move model 
Program Office 


3-5-2017 
LU 
| Toggle Orbits | Toggle labels 








¢ Orbital propagator 
based on a flow-chart 
provided in Tom 
Logsdon’s book “Orbital 
Mechanics: Theory and 
Applications 


¢ Developed with the 
X3Dom code library 





1. Orbital elements 


4. Orbital Mechanics: Theory and Applications 


http://daoneil.github.io/soacemission/X3Dom/InnerSolarSystem.html 


Future Work and Conclusions 


¢ Established a Public Repository to Share Mission Files 


¢ Publish the tutorials and demonstration code to potential development partners 
around the agency and the general public 


¢ Provide a repository for agency mission planners and citizen scientists to share 
General Mission Analysis Tool scripts and Web-based Mission Visualization code 


¢ Establish discussion forums so people can share ideas about converting 
trajectory files into interactive web-based simulations 


¢ Continue development of demonstrations and tutorials 


¢ Create five or six web-based mission visualizations to demonstrate various types 
of missions, e.g., LEO, GEO, Moon, Asteroids, Mars, etc. 


¢ Write tutorials related to system models and visualization control widgets 


¢ Facilitate an open-source development project to implement the Web- 
based Space Mission Visualization System 
¢ Seek sponsorship for open-source development project, e.g., TooCoder 
¢ Demonstrate capabilities to space system development projects 


¢ Invitation to contribute code: If you are interested, please contact 
Daniel A. O’Neil, daniel.a.oneil@nasa.gov 


